Incorporation of exogenous organic matter into cellular components of chemoautotrophs has beenthe subject ofmany reports in the past decade. Contrary to the earlier studies which led to the conclusion that organic materials were toxic (14, 19) or did not penetrate the cell (10) , recent data indicate that many organic substances are beneficial to the cell and promote better growth of various chemoautotrophs. Stimulation of substrate oxidation by organic compounds or penetration of these molecules into the cell has been reported for many chemoautotrophic bacteria (2, 4, 5, 12, 13, (16) (17) (18) . Heterotrophic growth of these organisms, on the other hand, has been dealt with only briefly in a few recent reports (1, 12 ; C. C. Remsen and D. G. Lundgren, Bacteriol. Proc., p. 33, 1963) .
This report presents some aspects of the metabolism and growth of Ferrobacillus ferrooxidans on organic compounds.
MATERLS AND METHODS
Microorganisms. The iron-oxidizing eubacteria obtained from various sources are listed in Table 1 . One of the recently isolated strains, BCU-4, which was used in most of the present experiments has been identified as F. ferrooxidans (F. Shafla, unpublished data). Media Adaptation to glucose did not initially interfere with autotrophic mechanisms, since glucoseadapted cells continued to oxidize iron and to grow autotrophically. Glucose-adapted cells subcultured several times in GYE medium lacking oxidizable iron became obligately heterotrophic after 7 to 10 transfers at 48-hr intervals. However, when Fe++ was incorporated into the growth medium, the cells retained the ability to utilize both iron and the organic substrate. The loss of iron-oxidase in the absence of an inducible substrate suggested an adaptive enzyme system as observed by Landesman, Duncan, and Walden (7).
Heterotrophic cultures on glucose were maintained through 120 serial transfers at 48-hr intervals and presumably could be carried on glucose indefinitely. The purity of glucose-grown cultures was insured by repeated testing on several different types of common organic media. No visible colonies appeared on Nutrient Agar, Brain Heart Infusion Agar, Tryptone Glucose Extract Agar, or Thioglycollate Agar even after 2 weeks of incubation at 27 or 35 C.
On glucose, F. ferrooxidans showed a generation time of 4.5 hr at 32 C, as compared to about 10 hr on the iron medium; this is in contrast to Nitrobacter agilis (12) and Thiobacillus intermedius (8) which show a lower rate of growth in organic than in autotrophic media. In this respect, the bacterium resembled the facultative autotroph T. novellus and various species of Hydrogenomonas which have a higher growth rate on organic matter. Glucose-grown F. ferrooxidans also differed from the recently studied facultatively autotrophic N. agilis (12) and T. intermedius (8) in that its rate of growth was not affected by the addition of inorganic reductant.
Glucose-adapted cells grown in GYE medium gave in 24 hr either a uniformly turbid culture or occasionally large strands of packed cells. Discernible colonies of the bacterium appeared on GYE or FeG agar after 4 days of incubation in a humid chamber at 35 C. Agar colonies of the organism were circular, 1 to 2 mm in diameter, smooth, convex, glistening, entire, slightly pinkish, and became darker pink upon aging. Heterotrophic growth of cells occurred on a variety of substrates ( Table 2) . Most of the monosaccharides, certain amino acids, potassium gluconate, and ferrous gluconate supported growth of the organism; glucose, however, appeared to be most suitable for growth. In biphasic glucose cultures, there was a 146-fold increase in cellular nitrogen within 48 hr (Table 3) .
Glucose-grown cells differed from autotrophic cells in their size, shape, and staining behavior. The cells were coccobacillary in shape and 0.8 to 1.2 by 1.2 to 2.0 ,m in size. They appeared mostly in pairs and occasionally in short chains of four to five cells. The cells did not stain evenly and contained a large refractile vacuole, somewhat resembling the glucose-grown T. thiooxidans described by Borichewski and Umbreit (1) .
The heterotrophically grown cells of F. ferro- a Liquid medium, 50 ml of GYE medium in 500-ml Erlenmeyer flask; biphasic medium, 50 ml of liquid GYE on 50 ml of GYE agar in 500-ml Erlenmeyer flask. Inoculum, 24-hr glucose-grown culture (15 pg of cell nitrogen).
oxidans were obligately acidophilic; maximal substrate oxidation (Fig. 1) and growth (Table 4 ) occurred in a highly acidic environment. Abundant growth of cells accompanied by a decrease of the initial pH was observed in cultures at pH 2.5 to pH 5.0. Growth was limited at pH 2.0 and 5.5 and did not occur in neutral or slightly alkaline media ( Table 4) . The bacterium could not be propagated in complex media such as Nutrient A comparative study of eight iron-oxidizing eubacteria from various sources showed definite strain differences with regard to adaptation and growth on glucose. Only two strains could be adapted to glucose and grown in GYE medium in Cell-free extracts of autotrophically grown F. ferrooxidans showed some NADH oxidase activity; however, the level of enzyme was greatly increased in glucose-grown cells (Fig. 3) 
